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What is a basal body? The basal 
body (also known as the kinetosome) 
is a highly conserved cellular 
organelle discovered over one 
hundred years ago. Basal bodies are 
barrel-like microtubular structures 
located near the cell surface that 
provide the template for the nine-fold 
symmetry upon which the cilium is 
assembled. 
What is the function of a basal 
body? Basal bodies are thought to 
be involved in many aspects of cell 
biology, including the organization of 
cytoskeletal elements such as cilia. 
The basal body plays a role in motility, 
cell-cycle progression, morphogenesis 
and sensation, depending upon the 
cell type, via its function in organizing 
the cilium or, in some cases, 
organizing the architecture of the 
cytoskeleton. 
Which cells have basal bodies? 
Most organisms in the animal and 
protist kingdoms have basal bodies. 
Alga, including Chlamydomonas, 
generally have basal bodies, whereas 
higher plants and fungi do not. In 
the human body, nearly all cell types 
contain basal bodies.
Quick guide What is the difference between a basal body and a centriole? In 
1898 Mihaly Lenhossek and Louis 
Henneguy independently published 
reports showing that basal bodies 
were identical to centrioles. This idea, 
known as the Henneguy–Lenhossek 
Theory, was not confirmed until the 
1950s when electron microscopy 
studies showed that basal bodies 
and centrioles share the same fine 
structure. Despite these similarities, 
some important differences exist 
between basal bodies and centrioles. 
Specifically, basal bodies are located 
near the cell surface where one basal 
body directly nucleates one cilium. 
In contrast, centrioles are linked in 
pairs near the nucleus where they 
recruit the pericentriolar material 
required to nucleate the microtubules 
of the mitotic spindle. Centrioles also 
possess distal appendages that are 
lacking on basal bodies.
What is the basal body structure? 
The basal body cylinder, which is 
approximately 0.25 µm in diameter 
and 0.5 µm long, is composed 
of a symmetrical array of nine 
triplet microtubules with a 9(3) + 0 
arrangement similar to that of the 
centriole (Figure 1). Basal bodies have 
an intricate cartwheel structure at the 
proximal end and a distinct structure 
known as the transition zone at the 
distal end separating the basal body 
from the attached cilium. The lumen 
of the basal body is filled with an 
amorphous electron-dense material. 
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Figure 1. Electron micrographs (left) and schematic diagrams (right) of a Tetrahymena basal 
body. 
Key structural features of basal bodies are indicated in both the longitudinal view (outer 
 images) and the cross sections (inner images).
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densities on Guam, causing most 
forest-dwelling bird species to go 
extinct on the island, and decimating 
lizard and mammal fauna. In addition, 
its habit of climbing power poles has 
caused thousands of power outages 
on the island, contributing to millions 
of dollars of economic losses. 
Another highly successful biological 
invasion involved the balsam woolly 
adelgid. This plant- sucking insect 
was introduced to the United States 
on nursery stock from Europe in the 
early part of the twentieth century. 
Its salivary secretions are toxic to 
the certain trees, and in the southern 
Appalachians, it has decimated  
entire stands of mature Fraser firs. 
Although younger trees persist, the 
adelgid has fundamentally altered the 
structure of the forest ecosystem it 
has invaded. 
Although the current rate of species 
introductions is unprecedented, 
the process itself is not a recent 
phenomenon. Rare, long-distance 
colonization events, often-times 
facilitated by tectonic movement, 
have been an ever-present feature 
of the earth’s biogeographic history. 
But the current rate at which species 
move across biogeographic barriers 
is several orders of magnitude 
greater than in the fossil record. This 
by-product of human activities can 
be regarded as a form of biological 
pollution, analogous to elevated 
concentrations of a chemical pollutant 
otherwise present in trace amounts. 
The recent surge of interest in 
biological invasions is partly rooted in 
concerns over invader impacts. But 
this interest also results from the fact 
that invasions present outstanding 
Biological invasions
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Biological invasions pose a leading 
threat to biodiversity world-wide. 
Through competition, predation, 
and habitat alteration, invaders can 
radically change both the species 
composition and functioning of native 
ecosystems. Biological invasions 
also impact world economies, with 
economic costs estimated at over 
100 billion US dollars per year in the 
United States alone. 
Invasions occur when species are 
intentionally or accidentally introduced 
outside of their native or historic 
range, and successfully spread in their 
new environment. The term ‘exotic 
species’ is used for a broader group 
that includes any species not native 
to a region, including livestock, crops 
and garden plants. Only those exotic 
species that spread outside  
the human-dominated environment 
are considered biological invaders. 
Two spectacular examples illustrate 
the defining features of invasions  
(Figure 1). 
Shortly after World War II, the 
brown tree snake was introduced 
to the island of Guam, probably 
as accidental cargo from its native 
range in the South Pacific. Guam, like 
many remote islands, lacked snakes 
or similar top predators, rendering 
the native vertebrates particularly 
vulnerable to snake invasion. The 
brown tree snake grew to tremendous 
Primer
Figure 1. The Brown tree snake and damage from the balsam woolly adelgid.
The Brown tree snake (Boiga irregularis) has devastated populations of forest-dwelling 
vertebrates on the island of Guam, while the balsam woolly adelgid (Adelges piceae) has 
killed large stands of adult Fraser Fir trees in the Appalachian mountains of the United States. 
Credit to John Fowler and Todd Long for the left and right images, respectively. with the basal body are needed 
for membrane anchoring and for 
cytoskeletal organization.
Where do basal bodies come 
from? The basal body is considered 
to be a self-replicating organelle. In 
a process that is not yet completely 
understood, the daughter basal body 
is assembled adjacent and orthogonal 
to the mother organelle. Although 
this was long speculated to be a 
templated assembly process, it is 
likely that the mother basal body acts 
as the site where components required 
for assembly of a new organelle 
are gathered. In addition, two other 
variations of basal-body biogenesis 
have been observed. First, basal 
bodies can be assembled using a  
de novo pathway that does not require 
a mother organelle. Second, centrioles 
can migrate from the nucleus to the 
plasma membrane and assemble a 
cilium, thereby becoming a basal body. 
Are basal bodies evolutionarily 
conserved? The basal body is an 
evolutionarily conserved organelle 
thought to have originated from 
ancient protists. Not only has the 
structure and function of the basal 
body been conserved through time 
and across species, the protein 
components within the organelle have 
been evolutionarily conserved as well.
Are any human diseases caused 
by basal body defects? Cells lacking 
functional basal bodies are often 
able to survive, albeit in a diseased 
state. Many human diseases can 
be attributed to defects in the basal 
body and associated cilium, including 
polycystic kidney disease, retinal 
degeneration, Bardet–Biedel syndrome 
and oral–facial–digital syndrome.
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